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ABSTRACT

There is a major gap in the availability of Next Generation Science Standardfocused curriculum that effectively utilizes technology to solve real-world problems in an
authentic way. “The Hottest Color for the Fastest Ride” will allow students to participate
in the real-world application of reflection absorption of light and heat due to color
through designing, building, and testing two dual-tone corvettes. This three-day unit of
physics instruction designed for fourth- and fifth- grade science classrooms will be tied to
a grand challenge that tasks the students with designing a dual-tone car that will stay cool
during Kentucky’s hot summer weather and another dual-tone car that will stay warm
during Kentucky’s cold winter weather using their knowledge of absorption and
reflection of heat due to exterior color. This problem-based unit will provide a resource
for elementary and middle school science educators seeking engaging physics-related
problem-based instruction with strong real-world connections. This unit promotes student
engagement through participation in lab experiments, outdoor activities, and hands-on
exercises that teach students more about absorption, reflection, engineering, collecting
and interpreting data, and supporting a scientific claim with evidence and reasoning.
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CHAPTER 1
THE BENEFITS OF REAL-WORLD INSTRUCTION THAT UTILIZES
TECHNOLOGY
The Next Generation Science Standards (NGSS) are K–12 science content
standards that set expectations for what students should know and be able to do. These
standards were developed to by states to improve science education by providing
educators with the flexibility to design classroom learning experiences that stimulate
students’ interests in science, preparing them for college, careers, and global citizenship
(Next Generation Science Standards, 2019). Though there are many resources that
support the NGSS, many lack the use of technology to amplify and transform teaching
and learning.
Many school systems are implementing the one-to-one computing initiative which
allows each enrolled student to use an electronic device in order to access the Internet,
digital course materials, and digital textbooks in hopes of personalizing learning,
enhancing student engagement, motivation, and ownership of learning, and integrating
collaboration both inside and outside the classroom. Though this initiative has many
benefits, a growing number of administrators now realize the insufficiency of
incorporating digital tools into classrooms without support while expecting valid changes
in teaching and improved student outcomes. Even worse, others view technology in the
classroom as a necessary evil at worst, and, at best, a mere means to increase
productivity.
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When technology is utilized in the classroom according to the International
Society for Technology in Education (ISTE) Standards for Students gaps in equity can be
mended and students will be engaged as unique individuals and will be prepared for the
future (ISTE, 2016). This set of standards is a K-12 support framework that supports all
subject areas by emphasizing the pedagogical approaches that lead to student
achievement by embracing the challenges students face as learners and envisioning shifts
to education that emphasize student empowerment. Truly empowering students to have a
voice and choice in their learning is imperative to set students up for future success. The
use of digital tools such as those found in the Google Suite are uniquely suited to
facilitate student empowerment in a number of ways, from personalization to supporting
student voice to enabling students to choose how they work and demonstrate mastery
(ISTE, 2016). Empowering students to have agency in their education and lives leads to
many positive outcomes including better results in situations of inequality,
personalization of learning, achievement regardless of ability and dispositional skills, and
development of skills and traits that are necessary to thrive in current and future society
such as perseverance, self-awareness, tolerance for ambiguity, confidence in dealing with
complexity and open-ended problems and communication and collaboration to solve
problems with others (ISTE, 2016).
A high-quality science education requires students to develop an in-depth
understanding of content and develop key skills, such as communication, collaboration,
creativity, problem solving, and critical thinking, that they will utilize throughout their
educational and professional lives. In order to develop these skills, students need to be
exposed to content using authentic, real-world learning tasks that require students to
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utilize technology, design solutions, and collaborate with others (Next Generation
Science Standards, 2019). The key to engaging students in complex learning tasks that
demand focus and stamina is student engagement through real-world connections,
meaning the students see a reason to complete the task or project, other than to receive a
grade.
There are many ways to connect science content to the real world that students
will find worthwhile such as engaging with students interests and life experiences,
improving the real world, and interacting with real world professionals (Simkins, 2002).
Students’ perspectives are brought into culminating projects and classroom learning
tasks by connecting content to student interests. This method allows the teacher to better
get to know the students by finding out about their out-of-school passions and cultural
backgrounds. This is one of the easiest ways to connect student earning to the real world.
Nothing is more empowering to students than the possibility of changing the
world around them. Students of today have had plenty of opportunity to be influenced by
media. By turning the tables and providing students the opportunity influence others and
effect change, students will be amazed that they can use music, video, and compelling
presentations to convince others, just as professionals do (Simkins, 2002). One way to
inspire students to create this change in the world is to interact with real-world
professionals or product consumers that utilize the content or products the students are
designing and studying (Simkins, 2002). These individuals could speak to students,
provide perspectives, or even assess students’ work so students see that the time and
effort they are putting into classroom assignments are influencing the world outside the
classroom (Simkins, 2002). There is a major gap in the availability of NGSS-focused
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curriculum that effectively utilizes technology to solve real-world problems in an
authentic way. This three-day unit serves to contribute to this body of resources for
fourth- and fifth-grade science teachers.
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CHAPTER 2

PROBLEM- AND PROJECT- BASED INSTRUCTION IN STEM CLASSROOMS
All education involves preparing to solve, then solving, problems. From
mathematical calculations that ask students to answer the question “What does this
equal?,” to literary analyses that ask students to determine the meaning of a piece of text,
to scientific experiments that ask students to explain why and how a reaction occurs when
two reactants are combined, to a historical investigation that asks students to explain what
took place and why the event occured the way it did way, teachers show students how to
answer questions and solve problems. When teachers and schools choose to hand facts
and procedures to students without giving them a chance to develop their own questions
and investigate by themselves, students may memorize material but will not fully
understand or be able to use it in the real world. Problem-based learning (PBL) provides a
structure for discovery that helps students develop deep, conceptual understandings of
content so they can transfer and apply their knowledge to new situations (Delisle, 2004).
Problem-based learning is rooted in John Dewey’s belief that teachers should teach by
appealing to students' natural desires to investigate and create (Delisle, 2004). Dewey, the
American founder of progressive education, emphasized that students' experiences
outside of school provide teachers with clues for how to adapt lessons to make them
interesting and engaging (Delisle, 2004).
The PBL method was originally designed to train doctors how to approach and
solve complex medical problems. Traditionally, medical schools required doctors to
6

memorize a great deal of information and then to apply the information in clinical
situations (Delisle, 2004). This straightforward teaching approach did not fully prepare
doctors for patients being unable to identify their symptoms or showing multiple
symptoms (Delisle, 2004). Though the students memorized basic medical information for
exams in their courses, they did not know how to apply the information to real-life
situations. A series of problems that went beyond conventional case studies was then
presented to the students. Basic information about the patient was provided, but the
prompt required the students to research the situation, develop appropriate questions, and
produce their own plan to solve the problem (Delisle, 2004). This cultivated students'
“clinical reasoning process” as well as their understanding of the tools at their disposal
(Delisle, 2004). This problem-based learning task also developed the students' abilities to
extend and improve their knowledge to keep up in the ever-expanding field of medicine
and to learn how to provide care for new illnesses (Delisle, 2004). The students who were
taught through PBL became “self-directed learners” with the desire to know and learn
more, the ability to formulate their needs as learners, and the ability to select and use the
best available resources to satisfy these needs (Delisle, 2004). Due to the overwhelming
success of this method, the PBL method has been adopted by a growing number of K-12
schools working to raise student achievement and to develop the 21st century habits of
thinking, researching, and problem solving in hopes of helping students to succeed in a
rapidly changing world. Problem-based learning occurs in five steps which can take place
over one class period, one week, or one instructional unit. First, before any preparation or
study has occurred, the problem is encountered. The problem situation is presented to the
student in the same way it would present in reality. Second, the student works with the
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problem and is given the opportunity to reason and apply knowledge which will be
challenged and evaluated in a way that is appropriate to his or her level of learning.
Third, area of weakness are identified in the process of work with the problem. These
areas of weakness will be used to guide and individualize instruction. Fourth, the skills
and knowledge acquired by this individualized study are applied to the problem. Students
are then evaluated to determine the effectiveness of learning and to reinforce learning.
Last, the student summarizes and integrates new knowledge into existing knowledge and
skills. (Delisle, 2004)
There are three types of PBL typically found in K-12 classrooms. During the first
type, short-term PBL activities, teachers use tangible problem-solving as a strategy for
day-to-day instruction (Laforce, Noble, & Blackwell, 2017). Students complete a series
of discrete tasks that result in an end product that is not rooted in a tangible problem
during the second type, non-problem-based projects (Laforce, Noble, & Blackwell,
2017). In contrast, the final type of PBL are problem-solving projects where students
complete a series of discrete tasks and design a product that is provides a solution to a
problem (Laforce, Noble, & Blackwell, 2017). While all three approaches are distinct,
they work toward a similar set of student outcomes, from increasing subject area content
knowledge to developing effective problem-solving skills and metacognitive strategies
such as self-directed learning, goal setting, and collaboration (Laforce, Noble, &
Blackwell, 2017).

Problem-based learning asks students to demonstrate understanding of the
material rather than to regurgitate information the way it was presented. Research and
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teachers' experience have demonstrated that active teaching techniques, like problembased learning can motivate bored students in hopes of raising their understanding and
achievement (Delisle, 2004). These student-centered strategies build critical thinking and
reasoning skills, foster creativity and independence, and help students earn a sense of
ownership over their own work (Delisle, 2004). In classrooms where educators employ
active learning strategies, students discuss learning tasks with one another, and initiate
and manage many of their own activities (Delisle, 2004). The teacher, a guide to learning,
is then able to rely less on textbooks, using them as only one of many sources including
everything from the Internet to content experts (Delisle, 2004).
Research on the use of PBL in K-12 education has suggested that PBL increases
students’ engagement and enjoyment of STEM subjects in particular, especially for
women and underrepresented minorities (Laforce, Noble, & Blackwell, 2017). Getting all
students, particularly those who are underrepresented in STEM fields such as women and
ethnic minorities, motivated and excited to choose a STEM major in college can be
challenging. Even more concerning, there has been an increase of STEM graduates
leaving or not entering the STEM workforce at all once they earn their degrees (Phillips,
2018). This is worrisome because STEM fields — such as computer science — are
experiencing massive employee shortages despite computer science being one of the
highest-paid college degrees (Phillips, 2018). By integrating problem-based learning into
classrooms more often, there is potential to fill gaps in critical thinking and problem
solving by teaching students the methods they need to be successful in STEM. Problembased learning emphasizes the hands-on approach when it comes to projects and
assignments. Students learn by using their own experiences as well as working together
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with their peers to find a solution. This is comparable to scientists performing
experiments in their labs, as students are able to create a valuable learning experience
through mistakes and successes. If students are exposed to problem-based learning from
an early age, they will have increased ability beliefs and intrinsic motivation to pursue
vital STEM careers during and after college (Phillips, 2018).
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CHAPTER 3

DESIGNING THE HOTTEST AND COOLEST CORVETTES
This project-based science unit designed for fourth and fifth grade students was
designed to cover Kentucky Academic for Science. This unit will begin with the
presentation of the Grand Challenge, “You have been tasked with designing hottest new
corvette, but get this it must stay COOL! Using your knowledge of color and
temperature, design two cars. One of your two-color cars must stay cool during
Kentucky’s hot summer weather; the other must stay warm during Kentucky’s cold
winter weather.” By the end of this three-day unit, students will have completed labs,
read articles, and collected real-world data in order to discover the concepts of absorption
and reflection of light and heat. The culminating product of this unit will require the
students to design a corvette that meets specified criteria for success, plan and carry out
fair tests to identify aspects of their corvettes that can be improve, and support their
design choices with data-drive evidence and scientific reasoning.
The first day of a problem-based unit must be the most engaging as it motivates
students to actively participate in the learning activities and promotes student buy-in to
the real-world problem. The learning goals for this lesson are for students to be able to
make quantitative and quantitative observations of how exterior color affects the
temperature of objects and for students to predict which colors cause objects to retain
heat or lose heat.
This lesson will begin with the teacher show the students a live video of a
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temperature test being completed on a black car and a white car. The students will then
be lead in a discussion about real world problems that hot cars can create for people and
animals. The teacher will present this Grand Challenge as a ways for students to “fix” this
problem; the students then realize they, too, can make contributions to the real-world just
as scientists do, leading to student engagement in the remaining learning tasks.
Next, the students will begin their first hands-on, minds-on task. This preassessment, a colored car ranking task, will allow the teacher to gather informal data
concerning what the students already know about the way light and heat are absorbed and
reflected. This ranking task can be completed using Google classroom or as a physical
card sort activity. The teacher will explain that not every consumer wants a black or
white car, so researchers must study how other colors like red, yellow, blue, and purple
affect the temperature of cars. By forming a hypothesis about what they think the end
result will be, the students are becoming metacognitive learners as they begin the process
of form connections between the information they already know and the informations
they are about to discover.
Many students hold the misconception that they “don’t know anything about
science,” however, when they look at the real-world they see patterns that are supported
by scientific concepts. The Counting Cars activity will lead students in a structured
brainstorming activity related to the Grand Challenge that is based on student-collected
evidence. The teacher will begin activity with a discussion about why people buy cars.
After forming a hypothesis about what the most common color car is, the students will
collect data for 10 minutes by simply looking out their classroom window. They will tally
the number of cars of each color that pass the window. The students will then discuss in

12

small groups to determine why they think the color they found to be most common might
be the most common. Most likely, the color that occurs most often is white as these white
vehicles are statistically more fuel-efficient and produce less exhaust emissions because
of their color.
After previous discussion of the color possibilities of real cars, students will test
various colored boxes to determine their temperature change when exposed to direct
sunlight. This lab can be implemented utilizing Google Sheets so that students gain
practice creating digital graphs data and interpreting data using Google tools or the
students can practice creating graphs manually, a skill that is often overlooked in the
elementary science classroom. The students will individually collect the internal
temperature of their box every two minutes and will record this information for later use.
After creating a graph showing a change in temperature over time, the students will share
the results with the class though Google classroom or on a chart in the classroom. The
students will then analyze this data to determine which box had the greatest increase in
temperature and least increase in temperature. By inviting the students to return to their
previously formed hypotheses, the students will build on their understandings of how
color is related to temperature.
While the colored box lab allows students to practice collecting and analyzing
data related to color and temperature in order to build foundational understandings of
how the two concepts are related, the students also need real-world experiences that will
help them transfer and apply their knowledge to complex situations.
After showing a video of how quickly the internal temperature of a car can change, the
teacher will lead the students to an outdoor parking area where several vehicles are
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parked. The students will use infrared thermometers to measure the internal temperature
of several cars. This learning activity adds a layers of complexity to the previous
experience as the colors of these vehicles aren’t simply red or blue, they are magenta,
silver, multicolored, or covered in a coat of glossy wax. The students will reflect on how
these complexities help or prevent vehicles from staying cool so they can apply these
ideas when designing a two-color corvette for the grand challenge at the end of the unit.
The second day of this problem-based unit builds on students’ experiences from
day one as it introduces key vocabulary and requires students to apply their knowledge
through building two dual-color corvettes. The learning goals for this lesson are for
students to be able to describe why certain colors are better for retaining or releasing heat,
utilize vocabulary relating to energy transfer, design a two-color car that effectively
absorbs energy, and design a two-color car that effectively reflects energy.
This lesson begins with an engaging collaborative activity that invites students of
mixed abilities to work together to complete a lab experience and to discuss how their
observations relate to the Grand Challenge. This inquiry uses a flashlight to represent
white light emitted by the Sun and colored paper to represent colored cars. The students
will explain that light-colored cars are most effective at staying cool while dark-colored
cars are most effective at staying warm because of the energy that “bounces off” or “is
collected.” The teacher will elaborate on these student explanations by introducing the
two key vocabulary for this unit: absorption and reflection. The students will then read
Which Car Colors Keep You Cooler? While reading, the students will complete a doubleentry journal that will assist with comprehension. This research-based literacy strategy
encourages students to form connections between the new vocabulary and their
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experiences and allows them to ask questions when necessary. This literacy strategy is
also an effective formative assessment in that provides the teacher with a means of seeing
the knowledge the students are constructing as well as any misconceptions that might
need to be addressed.
The Next Generation Science Standards emphasize the importance of students’
being able to provide evidence and reasoning to support scientific claims. While the
students will enjoy building and customizing their dual-tone corvettes, it is important that
the science content, absorption and reflection, be the cornerstone of the culminating
project of this problem-based unit. The students will write two Claim- EvidenceReasoning responses that explain their color choices for each of their corvettes based on
prior experiences and scientific reasoning. The students will begin by stating a claim.
This should state the colors they chose and what their goal was for choosing this color.
Next, they will support the claim with evidence from the labs and activities completed
over the last two days. They should explain which colors were most effective at
absorbing or reflecting heat during the labs. Last, the students should describe how the
evidence supports the claim. Their reasoning should mention and explain the scientific
principles we have studied (absorption and reflection).
The learning goals for the final day of this problem-based unit are that students
will be able to collect, analyze, and interpret the meaning of experimental data and
critically reflect on the performance of their self-designed corvettes. Data analysis,
interpretations, and subsequent reflections are critical to making lab experiences and
classroom projects meaningful to students. Without guidance from a teacher, many
students cannot find patterns in data and are, therefore, unable to finding meaning in data,
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a skill that is very valuable in a constantly changing, data-driven world. After forming
hypotheses about which cars will be most successful, the students will work in small
groups to collect data that tracks the increase in temperature of their cars over a period of
26 minutes. The students will then graph this data and interprets its meaning as a group in
order to determine the successfulness of the students’ cars at meeting the Grand
Challenge to create one car that was effective at absorbing energy and one car that was
effective at reflecting energy.
Teachers who would like to implement this three-day problem-based unit of
physics instruction for fourth- and fifth- grade students can visit
https://sites.google.com/view/hottestcolorfastestride/home to access the implementation
guides, worksheets, formative assessments, articles, patterns, and videos needed to teach
this unit.
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THE CHALLENGE - Day 1
Objectives:
1. Students will be able to make quantitative and quantitative observations of how
exterior color affects the temperature of objects.
2. Students will be able to predict which colors cause objects to retain heat or lose
heat.
Kentucky Academic Standards:
●
●
●

4-PS3-2. Make observations to provide evidence that energy can be transferred
from place to place by sound, light, heat, and electric currents.
3-5-ETS1-1. Define a simple design problem reflecting a need or a want that
includes specified criteria for success and constraints on materials, time, or cost.
3-5-ETS1-3. Plan and carry out fair tests in which variables are controlled and
failure points are considered to identify aspects of a model or prototype that can
be improved.

The Grand Challenge
What the Teacher Will Do
●
●

●

●

The teacher will show
the students the color
car test video.
The teacher will lead
the students in a
discussion of real world
problems that hot cars
in the summer heat can
create for people and
animals. The teacher
will then present the
students with the Grand
Challenge.
“You have been tasked
with designing hottest
new corvette, but get
this it must stay COOL!
Using your knowledge
of color and
temperature, design two
cars. One of your twocolor cars must stay
cool during Kentucky’s
hot summer weather ;
the other must stay
warm during Kentucky’s
cold winter weather.”
The teacher will present
the students with the

Probing/Eliciting
Questions
Has anyone ever gotten
in a car that has been
sitting outside on a hot
summer day? Describe it.
Why does this happen?
What problems or
challenges can hot cars
create for people? For
animals?
What ideas do you have
for completing this
challenge? How can we
design the coolest
corvette and prove with
evidence that it will stay
as cool as possible in the
summer?
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Student Responses and
Misconceptions
All students respond that
cars that sit outside in the
summer get hot. Many
will focus on the idea that
the gather more heat but
will not necessarily be
able to describe why.
Many students may
discuss the dangers of
hot cars for small children
or animals left in cars or
the risk of burns from hot
car interiors.
Many ideas will discuss
ideas of how to cool the
interior of the car, so
thetacher will need to
remind the students to
focus on the exterior of
the car.

colored car ranking
task. (This can be
implemented via Google
classroom as a digital
assignment or as a card
sort activity) The
teacher will explain that
not every consumer
wants a black or white
car, so we must study
how other colors like
red, yellow, blue, and
purple affect the
temperature of cars.
The teacher will explain
that during this activity
the students are forming
a hypothesis they will
return to later.
Evaluation/Decision Point
Assessment
Colored Car Ranking Task

Assessment

Student Outcomes

This activity serves as a
pre-assessment to
determine students’ prior
knowledge of
temperature and color
relationships and
students current thinking
related to the unit
challenge.

Many students will order
the colors according to
the rainbow.
Many students will
recognize that white cars
will stay coolest and
black cars will get the
hottest but will be unsure
of the colors in between.
Some will recognize that
darker colors may cause
cars to get hotter.

Probing/Eliciting
Questions
What is the most
common car color?

Student Responses and
Misconceptions
Many students will say
white, silver, or black with
some students
suggesting other colors
such as red or yellow.

Counting Cars
What the Teacher Will Do
●

●

The teacher, if
available, have the
students look out a
classroom window to
complete the following
learning activity.
The teacher will start
the activity with a
discussion about why
people buy cars. The
students responses will
vary but the teachers

Why do you think this
color is most common?
Do you think the most
common car color relates
to our grand challenge?
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Students will likely
conclude that the most
common color car is
based on personal
preference.

●

●

●

should guide the
students back to the
grand challenge.
The teacher will have
the class form a
hypothesis about what
the most common color
car is on the Counting
Cars worksheet. The
teacher can invite the
students to elaborate on
their answers by asking
why they think this
might be the case.
The students will collect
data for 10 minutes.
They will tally the
number of cars of each
color that pass the
window.
The students will then
discuss in small groups
to determine why the
color they found to be
most common might be
the most common.

Color Cube Lab
What the Teacher Will Do
●

The teacher introduce
the Color Cube Lab.
After previous
discussion of the color
possibilities of real cars,
students will test
various colored boxes
to determine their
temperature change
when exposed to direct
sunlight. (This lab can
be implemented utilizing
Google Sheets so that
digital graphs of the
collected data can be
created or the data can
be collected manually
on a lab sheet leading

Probing/Eliciting
Questions
Which colored boxes
showed the greatest
change in temperature?

Which boxes showed the
least change in
temperature?

Why did the box that
stayed coolest have the
least change in
temperature?
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Student Responses and
Misconceptions

to student created
graphs.)
● The students will
individually collect the
internal temperature of
a box every two minutes
and will record this
information for later use.
● The students will create
a graph showing a
change in temperature
over time of their
colored boxes then
share the results with
the class though either
Google classroom or
sharing their beginning
and ending
temperatures by writing
them on a chart in the
classroom.
● The students will then
analyze this data to
determine which box
had the greatest
increase in temperature
and least increase in
temperature. The
students will then return
to their previous
hypotheses by ranking
the colors based on
their ability to keep the
box cool.
Evaluation/Decision Point
Assessment
Color Cube Lab Sheet

Assessment
This data analysis activity
will scaffold students in
the process of data
collection and analysis in
order to draw conclusions
about which colors could
be best to design the
“coolest” car and the
“warmest” car. The
students final rankings of
the colors based on their
ability to keep the box
coolest serves as a
formative assessment to
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Student Outcomes

determine whether
students understand that
darker colors absorb
more energy.
The Coolest Cars Lab
What the Teacher Will Do
●

●

●

●

The teacher will show
the students the car
temperature video. The
teacher will ask the
students which teacher
they think has the
“coolest” car. The
teacher will remind the
students of the grand
challenge to design a
car that will stay the
coolest. The teacher will
lead the students to an
outdoor parking area
where several vehicles
are parked.
The students should
receive the Coolest Car
Lab sheet and will form
a hypothesis about
which car will be the
coolest.
The students will use an
infrared thermometer to
measure the
temperature of several
cars (the class can
divide up all of the
vehicles, or choose only
a select few depending
on the class size and
number of parked
vehicles).
The students will record
their data, determine
which car stayed
coolest and describe
why, based on what
they’ve learned, this is
the case.

Probing/Eliciting
Questions
Based on what you’ve
learned so far, which car
will be the coolest?

Student Responses and
Misconceptions
Most students will
suggest light color cars
as the “coolest” cars.

Why do you think that
particular car will be
coolest?

The students will suggest
that these light colored
cars are coolest because
they take in the least
amount of heat or reflect
the most heat.
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Evaluation/Decision Point
Assessment
The Coolest Car Lab Sheet

Assessment

Student Outcomes

This activity requires
students to collect realworld data in order to
determine, based on a
small sample size, which
color car stays the
coolest. Based on the
students responses to
which car stayed coolest
and why, the teacher will
understand the
misconceptions the
students may have and
will be able to determine
the students’ current
understandings.

Most students will choose
a light colored vehicle as
the “coolest car.” Many
students may say the
cause is that light colored
vehicles take in less heat
from the Sun or reflect
more heat from the Sun.
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Counting Cars

Name:________________________________

If you look out the window for ten minutes, what will you see? Many cars and trucks
passing by. Have you ever noticed what the most common colored vehicle is, though?
Let’s find out!
1. What do you think the most common color car is? Why do you think this is the most
common color?

2. Collect Data. Stand at the window for ten minutes. Look at each car that passes and
record its color by placing a tally mark under the correct section.
BLACK
YELLOW

GREEN

WHITE

RED

ORANGE

PINK

BLUE

PURPLE

3. Which color car passed the classroom window most frequently? Do you think this
relates back to our grand challenge?
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Color Cube Lab

Name: ______________________________

1. Use an infrared temperature gun to measure the temperature of your assigned box
every two minutes. Make sure to start the timer as soon as you sit your box in direct
sunlight. Record the temperature of the box every two minutes.
Box Color: _____________________________________

TIME

TEMPERATURE (F)

2 minutes
4 minutes
6 minutes
8 minutes
10 minutes
12 minutes
14 minutes
16 minutes
18 minutes
20 minutes
22 minutes
24 minutes
26 minutes
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2. Create a graph that represents the data you collected about the change in
temperature over time. Remember to label the axes!

3. Share your results!
What was the starting temperature of your box?
What was the final temperature of your box?
What was the difference in temperature? (Final temperature - starting temperature =
difference in temperature)
4. Draw Conclusions. Which colored was best at keeping cool? Which was worst? Why?
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The Coolest Cars Lab
Name:____________________________
1. HYPOTHESIS: Based on what you’ve learned so far, which car will be the
coolest? Why do you think that particular car will be coolest? Which will be
hottest? Why?

2. Choose 10 cars to describe and collect temperature data from. Describe the color of
the car in detail. (Is it only one color or multiple colors? Is the paint have sparkles in it or
not?)
Description

Internal Temperature

3. DRAW CONCLUSIONS: Which car was coolest? Why do you think this car stayed
the coolest, based on what you’ve learned? Which car was hottest? Why?
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BUILDING THE COOLEST AND HOTTEST CARS - Day 2
Objectives:
1. Students will be able to describe why certain colors are better for retaining or
releasing heat.
2. Students will be able to utilize vocabulary relating to energy transfer.
3. Students will be able to design a two-color car that effectively absorbs energy.
4. Students will be able to design a two-color car that effectively reflects energy.
Kentucky Academic Standards:
●
●
●

4-PS3-2. Make observations to provide evidence that energy can be transferred
from place to place by sound, light, heat, and electric currents.
3-5-ETS1-1. Define a simple design problem reflecting a need or a want that
includes specified criteria for success and constraints on materials, time, or cost.
3-5-ETS1-3. Plan and carry out fair tests in which variables are controlled and
failure points are considered to identify aspects of a model or prototype that can
be improved.

Light Absorption and Color Filters Lab
What the Teacher Will Do
●
●

●

●

The teacher begin by
reminding the students
of the grand challenge.
The teacher should
build three flashlight
filters for each pair of
students. These filters
can be created by
coloring a ziplock bag
with a permanent
marker or by purchasing
colored cellophane
sheets. One lens should
be red, one should be
blue, and one should be
green.
The teacher will begin
by distributing the
worksheets and leading
the students in an
exploration of
absorption and
reflection using color
filters.
After completing the lab,
the, the teacher will
elaborate on how this
exploration can help

Probing/Eliciting
Questions
● Why did the
papers look white,
red, blue, and
green
(respectively) in
white light?
● How did the filters
affect the white
flashlight beam?
● Why did the
yellow and green
papers seem to
lose their color
when red light
was shined on
them?

●

What colors are
absorbed by a red
car when the Sun
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Student Responses and
Misconceptions
Many students will
understand the basic
concepts of “absorption”
or “reflection” but may
need more guidance in
interpreting the meaning
of the lab.

students to complete
the grand challenge.
The teacher should
explain that Sun emits
white light that is
comparable to the
uncovered flashlight.
The teacher should then
lead the students in a
discussion of what
colors are absorbed
and/or reflected in
commonly colored cars
to explain why dark cars
absorb the most
light/heat energy. The
teacher should lead the
students to the idea that
the more colors of light
the car absorbs, the
hotter the car will get.

●

shines on it? What
colors are
reflected?
What colors are
absorbed by a
white car when
the Sun shines on
it? What colors
are reflected?

ENGAGEMENT - ARTICLE
What the Teacher Will Do
●

●

●

Probing/Eliciting
Questions

The teacher will
distribute the Which Car
Colors Keep You
Cooler? Article. The
Flesch-Kincaid Grade
Level of this article is an
8.8, however, the
students will using
literacy strategy to
improve
comprehension.
Students should read
the article and complete
a “Double-Entry
Journal” as they read.
The teacher should
introduce the article to
the students and
explain that it can
provide them with
evidence to support the
colors they choose for
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Student Responses and
Misconceptions

●

●

●

the cars they will build
later in the lesson.
If the double-entry
journal method has not
been completed with
the students before, the
teacher should model
the procedure using the
first paragraph of the
article.
Students should receive
a double-entry journal
handout. In the left hand
column, the students
should write a phrase or
sentence from the
article that will be useful
as evidence, was
confusing and needs
clarification from the
teacher, or is interesting
to the students, along
with the page number.
In the right hand
column, the students
react to the passage by
providing a comment, a
question, a connection
made, or an analysis.
After all students have
read the article and
completed the double
entry journal, the
students should share
their responses with a
discussion group (group
of four students). These
students should discuss
what they have written
down, answer each
others questions, and
add answers or ideas to
their double entry
journal questions or
responses based on the
ideas of their group
members.

Evaluation/Decision Point
Assessment

Assessment
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Student Outcomes

Double-entry journal entry

The teacher will use the
students’ questions and
responses on the double
entry journal in response
to the Which Car Colors
Keep You Cooler? Article
as a formative
assessment. Based on
this piece of student
work, the teacher can
identify students’
misconceptions and
questions the students
still have about the
material.

If the teacher chooses to
provide individual
feedback on each
double-entry journal,
students will receive
individualized feedback
and instruction based on
the questions and/or
comments he or she
wrote on his/her doubleentry journal. This will aid
in student understanding
and differentiate the
material based on
students’ needs.

ENGAGEMENT - CAR BUILDING
What the Teacher Will Do
●

●

●

The teacher will reintroduce the Grand
Challenge to the
students.
“You have been tasked
with designing hottest
new corvette, but get
this it must stay COOL!
Using your knowledge
of color and
temperature, design two
cars. One of your twocolor cars must stay
cool during Kentucky’s
hot summer weather ;
the other must stay
warm during Kentucky’s
cold winter weather.”
The teacher will lead
the students in
discussion that reviews
all of the activities that
have been completed
so far and will lead the
students to the
culminating task:
choosing two colors for
each car and building
the hottest and coolest
cars.

Probing/Eliciting
Questions
● What was the
most common car
color from the
Counting Cars
Lab?
● Why do you think
this color was
most common?
● How does this
relate to our grand
challenge?
● Which colored
boxes from the
Color Cube Lab
showed the
greatest change in
temperature?
● Which boxes
showed the least
change in
temperature?
● Why did the box
that stayed
coolest have the
least change in
temperature?
● Which colors
absorb the most
colors of light?
Which colors
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Student Responses and
Misconceptions

●

●

●

The students will be
provided with a Car
Color Justification
worksheet and will be
allowed to choose one
car base color and one
car side color.
The teacher should
prepare several bases
and side panels of each
color of cardstock
available by either
printing the template or
using a Cricut to cut the
materials. The teacher
should also prepare
clear “windshields”
made of transparency
film.
The teacher should
explain each of the
parts of a ClaimEvidence- Reasoning
response. The students
should begin by stating
a claim. This should
state the colors they
chose and what their
goal was for choosing
this color. Next, they
should support the
claim with evidence
from the labs and
activities completed
over the last two days.
They should explain
which colors were most
effective at absorbing or
reflecting heat during
the labs. Last, the
students should
describe how the
evidence supports the
claim. Their reasoning
should mention and
explain the scientific
principles we have
studied (absorption and
reflection).

●

●

reflection the most
colors of light?
Based on this
information, which
colors would be
best to produce a
car that will stay
the coolest in the
summer?
Which colors will
produce a car that
will stay the
warmest in the
winter?
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●

●

The teacher should
show the students how
to build the car and
place Scotch tape on
the students’ desks to
use for construction.
The students will use
the remainder of the
class period to build
their cars and write their
justifications for each of
the colors they chose
for their “cool” cars and
their “hot” cars.

Evaluation/Decision Point
Assessment
Car Color Justification
Worksheet

Assessment

Student Outcomes

The students will
independently choose the
colors they will use to
build the coolest and
warmest cars. When
combined with the
justification sheets that
require the students to
write a claim that is
supported by evidence
and reasoning for each of
their cars, the teacher will
be able to analyze the
student products to
determine whether or not
the students understood
the concepts of
“absorption” and
“reflection” and which
colors were most
effective and absorbing
and reflecting heat.

Students will apply their
knowledge in a real-world
setting. If successful, the
students will show that
they are able to transfer
and apply their learning
to new, complex
situations, indicating
mastery of the class
content.
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Light Absorption and Color Filters Lab Name:
_______________________________
When white light shines on a red object, all of the colors
that form the white light are absorbed except red, which
is reflected. This is why the object appears red. A filter
is a transparent material that absorbs some colors and
allows others to pass through. Light is the only source of
color. Color pigments (paints, dyes, or inks) show color
by absorbing certain parts of the light spectrum and
reflecting the parts that remain. Color filters work the
same way, absorbing certain wavelengths of color and transmitting the other wavelengths. A
yellow color filter will let through only yellow and absorb all other colors. So when blue light is
allowed through a blue filter onto a blue object, the object will still reflect blue and therefore
appear blue. But when blue light from a blue filter hits a red object, the blue will be absorbed and
no light will be reflected, giving the object an appearance of being black.
Directions:
1. Darken the room as much as possible.
2. Turn on the flashlight and aim it at the white paper. Observe and record the color of the paper
in the data table.
3. Repeat step 2 with the red, blue, and green pieces of paper.
4. Place the red filter in front of the beam of the flash light as shown using tape or a rubber band
to secure the cellophane paper filter. Shine the filtered beam on the white, red, blue, and green
papers and record the colors seen.
5. Repeat using the blue filter and then the green filter. After each test, record the results.

Filter Color
Paper Color

None

Red

White
Red
Blue
Green

37

Green

Blue

Why did the papers look white, red, blue, and green (respectively) in white light?

How did the filters affect the white flashlight beam?
Why did the yellow and green papers seem to lose their color when red light was shined
on them?
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WHICH CAR COLORS KEEP YOU COOLER?
Did you know the exterior color of your vehicle does more than just make your
car look awesome? Depending on the color and type, the paint applied to the
outside of your vehicle can either reflect or absorb the incoming sunlight when
parked outdoors. This can vary the temperature inside the vehicle, especially on
a hot summer’s day! Nobody likes getting into their car and burning the backs of
their legs!
Dark colors absorb a lot more heat than lighter ones because they absorb more
light energy. In fact, the closer to black a color is, the more heat it absorbs from
light sources. The key is that colors do not absorb different amounts of heat, only
heat from light. Dark and light colored clothes coming out of a dryer will be the
same temperature. However, because light-colored clothes reflect more light
when a person is outside, the accompanying heat from the sun is reflected as
well. Since dark paint colors reflect only a small amount of light, they reflect only
a small amount of heat and are hotter as a result.
The metallic content of the paint can also contribute to a higher temperature
inside the car. Shiny or sparkly colors are able to reflect significant amounts of
light and heat compared to flat colors. Even dark colors can reflect more heat if
they have a reflective coat. Regardless, a shiny dark blue car will still absorb
more heat than a shiny yellow car.
This means your car’s air conditioner has to work harder to cool down the inside
of the car, increasing fuel use and exhaust emissions. While a small increase in
fuel consumption per car doesn’t sound like much, when multiplied by the
number of darker colored cars on the road, this would add up to millions of
gallons of fuel and tons of Carbon Dioxide emissions that could be reduced every
year.
Black is the ultimate heat absorber. It absorbs all colors of light. As a result of
absorbing all colors of light, black is the hottest possible color. White is the
opposite. White light is the color created by all colors of light mixed together, so
when you look at a white object, you are seeing all colors of light hitting the
object's surface and reflecting back. Some heat is still absorbed based on what
the object is made of, but very little heat is absorbed, making white the coolest
possible color. Studies have shown the difference in temperature between a
white car and a black car left in the sun can be as much as 5-6 degrees after just
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one hour. If you are looking at purchasing (or designing!) a new car, choosing a
light exterior paint color will help reduce in-car temperatures during the summer!
The interior color can also affect how much heat is retained inside your vehicle.
Dark colored dashboards, leather seats and dark carpet will absorb more heat
and take longer to cool down once the vehicle is moving.
Looking for some simple ways to keep your vehicle cool? Parking your car in the
shade is an obvious solution, but that option isn’t always possible. One option is
to utilize a sun visor to reflect sunlight off the car’s dashboard. This will not only
help keep interior temperatures down, but also protect the plastic and leather
inside the car. Window tinting can also prevent harmful UV rays from damaging
the interior and reduce temperatures inside the car.
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Which Car Colors Keep You Cooler? Double-Entry Journal
Name:____________________
As you read the article, select a few sentences that you find useful, interesting, or
confusing. Write each phrase in the first column below, then write your reaction (a
comment, question, connection made, or analysis) to each quote in the second column.
Paragraph
Number

From the Article

My Thoughts
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Car Color Justification Worksheet
Name: ________________________
You have been tasked with designing hottest new corvette, but, get this, it must stay
COOL! Using your knowledge of color and temperature, design two cars. One of your
two-color cars must stay coolest in the hot summer weather. The other must stay warm
in the winter.
Directions:
1. Choose two colors for your car: a base color and a side color.
2. Build the base of your car.
3. Secure the sides to your car.
Justification:
Explain why chose the two colors you did for each of your cars. Begin by stating your
claim. This should state the colors you chose and what your goal was for choosing this
color. Next, support your claim with evidence from the labs and activities we have
completed over the last two days. Explain which colors were most effective at absorbing
or reflecting heat during the labs we completed. Last, describe how your evidence
supports your claim. Your reasoning should mention and explain the scientific principles
we have studied (absorption and reflection).
Car 1: The Coolest Car

Car 2: The Hottest Car

Base Color:_________________________

Base Color:________________________

Side Color:__________________________

Side Color:________________________

Claim:

Claim:

Evidence:

Evidence:

Reasoning:

Reasoning:
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THE COOLEST AND HOTTEST CARS - Day 3
Objectives:
1. Students will be able to collect, analyze, and interpret the meaning of
experimental data.
2. Students will be able to design a two-color car that effectively absorbs energy.
3. Students will be able to design a two-color car that effectively reflects energy.
4. Students will be able to critically reflect on the performance of their self-designed
cars.
Kentucky Academic Standards:
●
●
●

4-PS3-2. Make observations to provide evidence that energy can be transferred
from place to place by sound, light, heat, and electric currents.
3-5-ETS1-1. Define a simple design problem reflecting a need or a want that
includes specified criteria for success and constraints on materials, time, or cost.
3-5-ETS1-3. Plan and carry out fair tests in which variables are controlled and
failure points are considered to identify aspects of a model or prototype that can
be improved.

Car Testing
What the Teacher Will Do
●

●

●

The teacher will
reintroduce the grand
challenge and will
displays all students’
cars so that the entire
class can view them.
The teacher will lead
the class in a
discussion.
The teacher will
distribute the Car
Testing Data Collection
Worksheet and students
should procure their
cars in preparation to go
outside to begin testing.
The students should
place their cars on a
pre-marked line that will
allow all cars to get full
sun. The students
should work in small
groups to collect data
so they are able to
share a infrared
thermometer gun.

Probing/Eliciting
Questions
● Do you notice any
similarities in the
coolest cars you
all designed? Do
you notice any
differences?
● Do you notice any
similarities in the
hottest cars you
all designed? Do
you notice any
differences?
● Based on the data
we collected over
the past two days,
which cars do you
think we be most
successful at
staying cool?
Which cars will be
most successful at
staying warm?

●

Which of the
“coolest” cars had
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Student Responses and
Misconceptions
The students should
recognize that the cars
that were designed to
stay cool were often light
colored (white, yellow,
pastel colors) whereas
those designed to stay
warm were dark colored.
When determining
modification that could be
made to the cars, many
students may suggest
differently colored
windows or a covering
that causes light to reflect
off the car.

●

After collecting data for
26 minutes, the
students should return
to the classroom, graph
their data, and answer
question three.
● After all students have
graphed their data and
answered question
three, the teacher
should lead the
students in a discussion
about which cars were
most effective at
absorbing heat, which
were most effective at
reflecting heat, and
why.
● After participating in the
class discussion over
the data the students
collected, the students
should individually
complete question four.
Evaluation/Decision Point
Assessment
Car Testing Data Collection
Worksheet

●

●

the smallest
change in
temperature?
What made this
car so effective at
reflecting heat?
Which of the
“Hottest” cars was
most effective at
absorbing heat?
Explain your
reasoning using
data.
How could these
cars be modified
to make them
even better at
staying warm or
keeping cool?

Assessment

Student Outcomes

Through participating in a
classroom discussion
after testing, any student
misconceptions about
class content should have
been eliminated. The
students will then reflect
on how effective their
cars were at meeting the
challenge and how they
could modify their cars to
better meet suit the
challenge. Based on
these responses, the
teacher will have a better
understanding of
students’ current
knowledge of how and
why absorption and
reflection occur.

Through this testing,
analysis, and reflection
process, students will be
working with their peers
and the teacher to
construct their
understanding of
absorption and reflection
of heat. Through these
interactions and the
analysis of the real-world
data they collected, the
students should feel
confident in being able to
define absorption and
reflection and utilize
these complex in
complex situations.
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Car Testing Data Collection and Reflection
Name: _____________________________
1. Use an infrared temperature gun to measure the temperature of each car every two
minutes. Make sure to start the timer as soon as you sit your car in direct sunlight.
Record the temperature of the car every two minutes.
Coolest Car Base Color: ___________ Hottest Car Base Color: ________________
Coolest Car Side Color: ____________Hottest Car Side Color: _________________
TIME

TEMPERATURE
(F)

TIME

2 minutes

2 minutes

4 minutes

4 minutes

6 minutes

6 minutes

8 minutes

8 minutes

10 minutes

10 minutes

12 minutes

12 minutes

14 minutes

14 minutes

16 minutes

16 minutes

18 minutes

18 minutes

20 minutes

20 minutes

22 minutes

22 minutes

24 minutes

24 minutes

26 minutes

26 minutes
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TEMPERATURE
(F)

2. Create a graph that represents the data you collected about the change in
temperature over time. Remember to label the axes! Use a red colored pencil to graph
the temperature change of your hottest car and a blue colored pencil to graph your
coolest car.

3. Share your results!
What was the starting temperature of your hottest car? What was the final temperature
of your hottest car? Was this car effective at absorbing heat? What was the starting
temperature of your coolest car? What was the final temperature of your coolest car?
Was this car effective at reflecting heat?
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4. Draw Conclusions. Complete this section after the class discussion.
How would/could you change your “coolest” car in order make it reflect more light and
heat?

How would/could you change your “hottest” car in order make it absorb more light and
heat?
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